The main idea in the present age, is to improve efficiency of computation, by reducing computational space and time eventhough, we have high end computing power. It is still preferred to use minimum computation time and space.
INTRODUCTION
In this paper, a high-strength grade 8.8 bolt, made from low carbon steels or alloy steels, with dimensions as shown in the figure [1] , in accordance with BS 4190:2001 and BS EN ISO 4014:2001, was taken into consideration. Comparison of theoretical results and numerical results has been made, for both tension and bending analysis. Mesh sensitivity was performed, to obtain mesh independent result. All the analysis was done, using Ansys Mechanical APDL.
Main objective of this paper, is to match the results of 3D analysis with 2D analysis. To do so, we use a plane stress method, in which principle stresses and strains in one particular direction is assumed to be zero. We match the mass and moment of inertia of the actual bolt, with the required 2D bolt, to get the dimensions of a 2D bolt and simulate the effects of 3D bolt, in 2D. Here, we check how close the results match with the 3D bolt analysis.
A nonlinear analysis, in both 3D and 2D has been done, and results such as contact pressure and principle stresses are compared, to see whether they match, and different methods have been adopted to make sure, the error percentage between obtained results and analytical results are reduced. There is very little literature available in this field of research, which is the reason for few references in the end of this paper. were used. The solid 180 elements are applicable for Elastic to Hyper-elastic, to Visco-elastic materials [2] . Table 1 and 2 shows, the analysis under hexagonal mesh and tetrahedral mesh, respectively. It has been found in literature that, hexagonal meshes tend to be more accurate than tetrahedral meshes [3] .
HEX MESH -DEFLECTION VS TIME 
TET-DEFLECTION VS TIME Figure 3: Accuracy and Time Efficiency of the Tetrahedral Mesh

BENDING DEFLECTION
For bending analysis a load of 216.1kN [1] , is applied on the bolt shank transversely, keeping the head fixed as in figure 4 . The deflection is compared between theoretical and numerical deflection.
While simulating the results, the element chosen is from the above tensile analysis, in which solid 185
(hexagonal) and solid 285 (tetrahedral), gave best results, with respect to time taken and accuracy, in deflection. The deflection was found to be .051463 mm. These results are further compared with 2D analysis results, in further sections.
Impact Factor (JCC): 6.8765 NAAS Rating: 3.11 
3D TO 2D
The objective of this study was to reduce a 3D analysis to 2D analysis, with the same accurate results, which saves time taken for analysis and the computational space required. The number of equations solved, also was found out to be less in 2D analysis, when compared to 3D. So, for this purpose plane stress method is used, in which stress vector in one direction is considered to be zero. The compatibility of the 3D bolt to 2D bolt, is done by either using equivalent area method or equivalent moment of inertia. During this model reduction and simplification, we could have a problem of error, if we do not make the appropriate assumptions, and other source of error could be due to improper discretization, if a course mesh is used, the mesh and model will not capture the stiffness of the component correctly [4] . Hence, a mesh independent result needs to be obtained.
2D Axial Deformation
Modeling 2D bolt, for axial deformation is done, by taking the equivalent area of 3D bolt to find the thickness required. The area of both 2D and 3D bolts, are equated to find the thickness. From analytical calculations, where we equate the area of the 3D bolt head, to the area of the 2D bolt head, we get t 1 =27.17477 mm. The bolt head is modeled in plane 182, using this thickness 't 1 ' and width as 34.6 mm, and similarly, the area of the 3D bolt shank and area of 2D bolt shank, are equated and we obtain t 2 = 15.7mm. The bolt shank is modeled, using this thickness 't 2 ' and width as 20mm. Two cases were considered, where in, the first case the bottom part of the head was fixed as shown in figure [5] .
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The different bolting conditions were discussed by Jerome Montgomery, from Siemens Westinghouse Power Corporation, Orlando, FL [5] .The deflection was found out to be 0.367917mm, with an error of 2.52%, compared to 3D model.
In the second case, upper part of the bolt head is fixed as shown in figure [6] , and the load is applied axially to the bolt, and a deflection of 0.36256 is obtained. By comparing this value with the 3D analysis, we found out there is 1.0284%
error, which is very minimum and also conforms the compatibility of the conversion 3D bolt, into 2D analysis.
2D BENDING
In 2D bending, the bolt is modeled by equating the equivalent moment of inertia of 3D model. By doing this, we find out the thickness required to model the bolt. We use the same approach, as in the previous section and hence, we can obtain d = 29.004mm
Thus, the bolt head is modeled using the thickness 29.004mm. The thickness of the shank is found to be D =19.8776mm.
Figure 7: Lateral Deflection in the Bolt Model
Using these thicknesses, the bolt is modeled and load of 216.1kN is applied transversely. The deflection obtained is 0.52059, as shown in figure [7] , which is compared to 3D deflection that has an error percentage of 1.158%.
NON LINEAR ANALYSIS
Here, a flange is used to produce nonlinear loading conditions. The boundary conditions, which are symmetric about the axis of the flange are set to satisfy convergence criteria. The analysis is done, for varying values of coefficient of friction. The bolt is bonded to the flange, and a pressure of 100 mpa is applied, for all numerical analysis. The main parameters measured were von mises stress, and contact pressure. The setup is shown in figure [8] .
Symmetry conditions have been used, on the cylinder and thus, only 180° model has been considered. So, a lateral constraint has been applied on the symmetry face, and one node on the cylinder flange mid plane of the lower casing has been constrained, to move in vertical direction. This is purely a FE convergence requirement, as shown in figure [9] .
Impact Factor (JCC): 6.8765 NAAS Rating: 3.11 It is seen that, for the 2d analysis, the effective flange area is reduced by 1.27 times its original area, as shown in figure [10] . Hence, the bolt is converted to its equivalent 2d model, where the thickness of the bolt is equal to 1.27 times the diameter of the bolt head and shank, respectively.
COMPARISON OF 3D AND 2D RESULTS
The computational time and memory space, required between 3D and 2D analysis, is shown in the table [3] The two peaks in each simulation i.e., 2d and 3d correspond to contact pressure, on the two surfaces of the bolt. 
CONCLUSIONS
In this paper, linear analysis of the bolt under tension/compression, bending loads was conducted. Comparison of 3D and 2D model was done, using the best solid element, which reduced the time and memory space required for the analysis. In nonlinear analysis, von mises stress and contact pressure, were compared with 3D results and equivalent area in 2D was found, which gave similar results with low error percentage. This reduced the computation time and memory, used in numerical analysis, hence, optimizing the 3D model to an equivalent 2D model.
